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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a product easy 
of a single positive power source operation and superior 
in linearity of mutual conductance and source-gate 
capacitance with respect to the gate voltage. 
SOLUTION: On a substrate 1 1 are laminated a second 
AIGaAs barrier layer 13, an InGaAs channel layer 14 and 
a first AIGaAs barrier layer 1 5 consisting of a carrier 
supply region 15a containing an n-type impurity, a high 
resistance region 1 5b containing no impurity and p-type 
low resistance region 15c containing p-type impurity. 
The latter region 15c is embedded in the high resistance 
region 1 5b by diffusing the impurity to contact a gate 
electrode 20. When a positive voltage is applied to the 
gate electrode 20, a carrier depleted region disappears in 
the channel layer 14 and no parasitic resistance 
component remains. The low resistance region 1 5c may 
be formed through the epitaxial growth. 
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1 



[it*9l] y-^«*i KW^tSiOBlty- [§W*9l3] WEf'+^/HifctlWW-* I nGa A 



^m&tts^mzvftsnimmmmmkt: 10 {§3*915] isDEifnmssicfc its* lasts 

*t6»lOPW*4:t:«*.feri:*rWi4:+6*JIM|E mmm±> KimWSPFmvh&mto&tttoti 

*«. CifcJ&fcrtSlbfcCitWfctSIMPIl IE* 

IB** 2] msm0MMl::£lt&*l9«9{S; ©¥£#&! 0 

tttt««n. y-^«ffifc KW>^Si:owo»«ic [»**i6] . it, WE^-r^/witjattaWE* 

ft* 5 t Jtl^y K*+ y 7**1-6**** 9 ftSSS 

[ft** 3] -D0EXSlol«KSt^itdl$li)f«9<K 2©!«lfcf *fc£fc*1Wi+$tt**lE*0>¥ 

-hmmtinmMmtzzkzmktzftimitd, im&n) we» 2 4>* 

ttttMfitt. *ttan«fc#.tTa»a*iiTv^ii [13*91 8] iiiiEJfuroi*M£J:tJ'mEft20>i* 

*<Wte-r*»**lEt©¥*W8«. SJfttl I I-Vift^^-CfcSAlCaAsS 

[M*95] lft£«loRSAt^it3*iyi«£fi ' *J:940. WrE^^Stt I I I -v«{k#»*a» 

J*Sftfc£fc*tt«*+5ll**lE«0¥**m *9l 6E«o*3»*KH. 

[»**6] mm®Mt°l£*;ttS!(!l3«£& 11***19] lie. fltBf-**A'J|J:ttE£l«>l* 

«tt«*tt, 9 fcy-htl*0*fcaffll, S*i©Wfc, 1!l}E!n®l*M*ft/*t5¥$ttJ:9 

TV^S v 4 £ft»£1-55**9 1 E«©¥&ft&fi. fc/£w<y K^f-v yrt:*+5**#i 0 ttSS 30* 

[»**7] fflESl0l*£l£fti*Sl! l*t3& 30 gl«r«f^fcrtSr«fj»i1-5I»*«lE*©^«:^ 

*G*i+5l»**lR««)*i*#!S«. [1**9201 BijE8S3©PS&JII*, '>ft< fc 

l»**8] fflEIRlol«9eik«lt6IRl«iae fc, *2aSim^^?:ttr^tyr^®^^t6 

ftttWto* 1 *«s**HMt*tt i x i o " c m" a c t zmttzmm i 9E«<o**fc&it. 

±?*6::i*rWi1^W**lE*<D¥**iS«. [11*921] fflEflll ©Mitt I I I -V«flS& 

111**9] «IE!BlO|«iSfilCfe(t««ffi6tffi«(0 ***i»-C«>5GaA S ±949. «IEf-+*/HttI 

WMWHttlxio" cm'* EUT-PfcO, tbJStSttl 1 I -VK^«S*Wi*T&5 I nG a A s UJ: 9 ft 

xio"* Qcm6i±-e*5wt*»«irt5!***lE . 9 v MEKSOlCSS»l I I -vfcfcS****?* 

ft<0¥*ffcgg o * A 1 G a A s 9A «fc 9 ft 5 - k mW k + 5 »*9 1 

[11**10] ttESiopnejitt. iic, 82*1 40 9E«<a**fcg*. 

s^M^^tf^tyr^^^irtsci^^t 111**22] mmi<owmm\zmmimm 

Y5ft*9iE«©¥*ftgfi 0 ffiffifii^ii, y **«j:t;si&^e>ft5 5 

[11**11] WKSlolMlttl I l-v«Hk6 *>©4>ft< tMS£fn*«S*M*i LT^tKlt 

•***"e*>8AlGaAsS*J:!l4!), fliEf^* t5»**2 lE«©¥*ftgtt. 

/Uttl I I -VtJHfcfc****Tfc6 I n'GaAsS [11*923] B&E8& 1 G>MWtt8tt4* 1 *t£ 

«. rtt±9»j*SiLfcri*w»t+5i»**2iE« 

IH** 1 2 ] ffiEft 1 OltSfi 5 A 1 G a 0**ftgil o 

Asaubtt. 1 1 ifcs#t*stt$7A'$=*i.aiiatf [n**24] ii)E?**^fftt$2*«£?ttfefr 

Jt#o. 2 5ttT"e*>*ci«rW«i1-5l»*«i IE 50 £tfCi£#mtt5§it*9lE«©¥*#gfi 0 



ft±9ft5^t^/V'It, 



mm®, 

[58*914] ffflBSB 1 «>BMWlwjs»tSSB 1 ««S 



3 

y-^nrnt v^jymtvmmm&k txm 
t?- imtom* 7***mmm 

■ Z^fcX 9 t>£w<y K#+ ?7fc:rf 5iWSS©¥ 
bft&Stg©!! 1 »ia^M*S:ttr^*J: 9 45» 

i mm&tmmk &%-tz% 1 ©ttsasrj&isi-s 

I8i Wit 5 ^fr8«©««#tfe. 10 

Kit 1 $11**6*$: at wttiD^l $11 

111*92 7] *rt*fcj:9|li*tS 
*tt**Win Lfc* 1 *«I!ffi£&«tt*]Sjftt3 rt 

«rmR t +5»*« 2 5 m<D*mm<»mm e 

[»*S2 8J jriOTSffiftftttttfrSAL*:© 
fc V^Jym&bZZhZixKf&i-ZZkZmktZ 20 
[18*92 9] y-^Kft KM^lftioRUcy 

mmx-h*)*mx«)t£z?***Mk, :®f+ 

SftJ: 9 45S&1 *«3!&aS;tt«**«tS!Bl ©&S 
St£«;t$£ i£Wit 5 Miff gS 0 

[»*«3o] mmm>vnFWj>hX'ht>zk 
zmk t5»*« 2 9fB«©ftftatt£ft. 

[0001] 

[*fJ©*t$SHl?#ff] *«9jft, y-*®fiKu 

jvmk'Dm^y- ^mm^mbtitz^'mma 

Wz. y-HKi^^ltoHlfclWltr 40 

v*fc»*aflr§«fcHt<&. 

[0 0 0 21 

PHS (Personal Handiphone Sy 
stem) iJWlk^fflhW-mti'XT MZ&^XYX, 

mm*.<o>mit& x xmm*nMt#m Kx&btix 
7>7\mu %-iEmx'<Dmt^mxhz>z k . 

iS&v r.i 4 i'#&£T?;fc5o 50 



1 - 1 5 0 2 6 4 
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[0 0 0 3] iOJ:5ft/<!7-7^»fcU"C* 

( J FET ; Junction Field Effect Transisto 
r) , 5/ ay h*-/<y7y-h«#J»*h5y*** 

(ME.S FET ; Metal-Semiconductor Field Effect T 
ransistor ) ft it/^r nft^l^H h 7 l/V* 9 

(H F E T ; Heterojunction Field Effect Transisto 
r) fciftffcS. 

[0 004] r.©5*>, J FETfip ng££flJfflLT 
m«E^P4rtf ?%roffc2)o Ell 9IC J FET©-fliJ& 
«fc*t. CI© J FETIJ, ¥feftttJMNlG a A s X 
9ft«WSll«)±K. <ftb*VMipS©GaA« «fc 
9 45 p Si 5 4 l£#LTng!©Ga As £945^ 
+^/H5 1 4^»j4**i-Cfe9, COf-r^A-JIS 1 
4K8LTpS!©Ga As J:D&SpS»*5 4 2#» 

LT^S. £©JFETT»tt. pI$S$5 4 2i?-+* 

1 4£©ffffiKffi2*5 4 3#»J*£;h, , r#0. 
y-HS2 0t«E«:EPlPi-6iy-^«Si 8 i K 
W^KS19t«m (f-v*;ul4 14) $:ifch-5W 

10 0 0 5] Sfc, ME S FETIi'>3 y h 
fiJffiUT««*il*ff5t)©T?iS>5. H2 0£MESF 
ET©H!Mfc«fc*t. C©ME S F E Til, H 1 9 IC 
*LfcJFET*»6pSIW*5 4 2**IWII*3fts f-r* 
^16 1 4©±|CS^16 4 3Sr^U"Cy- h^ffi2 0 
«MtS*tT*»9, y-Hft2 0t«EtrRJ»t6t 
y-*t*l 8i KW^WIl 9t©W (^-r*/m 

6 14) fc*ft5««;9Sfcll$*l$. *fc, MESFE 
Tfli, -iRfc. ®2 0ic^u/tJ:?tc, y-Mffi2 
a©ffifffci3'tt$f--r**Ji6 l 4 1 5 U 

(0 0 0 6] IlC, HFETtt^P«#tHfflLT« 
ftSHfcfT 3 02 1ICHFETC9HRAM 

*3*t. £©HFETf±, ^^tt^iiGa As£® 
1 l©±fc» Ga As ±9 45'<y77f 1 2^^U 
T, AlGaAsJ:9ft5JR2©lt«I13i. InG 
aAs£9&&?-r*A'Jll4£. A 1 G a A s X 9 4 
58l©WgS7 1 5i#JfRai£*LT*5 0, *1© 
f*SJf 7 1 5©±lufty-h«a2 0!iS»J***l,TV^ 
5o 4HHW13. 7 1 5ttnS*Kfc*£tMr+y7 
M|«13a, 1 5 aiWSfiiWtl 3 b, 15 b© 

tpJc^^nWUTfe^, y-h*ffi2 0fc*Efr8tfin 
t5iy-^«8il 8i KKvtii 9i©ffl (f-* 
^114) Sri5gtl51jSK^tH$tl5c *fc. HFE 
TTtt, 02 1 (C^Ufcct^lC, % 1 ©PS!« 

7 1 5©W$^y-MHi2 0(Djfi^-e»<1-5yir^ 
#Jtt1-5r tA«#< . ^l»|«a®7 1 5©5*»»SF 

*»v^"fe^fiB«©fiTHKat5f-+*A'li 4©g 



5 

**ffi£fc bfc*5 Sffil©**!;:* 
*<-C*-lr!>7#fc£bfcaf-r V7&2W61 4'itf£A 

[0 00 7] 

[«W*«BfcUJ:5t+5Wi] cit&ofcFEm 
UT^S. JFETtt, p nttttJ9V*TV*&© 

■e. f/vh-oiiiin. 4vfc*#< iva±©E« 

£ t iSf|t*5t*l:, MESFET*} 
J:tfHFETfcttJlft9, «3M-5J:5fc^fc*ft*4 10 
y-*l&fi (y-*«ii 8i^-hmii2oi©pfl© 

ot, y-*®lil 8 1 h'Wi^il 9 £©[B»34tf 

*EPJP+6Hl-]E«»lc± 0**t»fPS*Sr. itf-e 

[0 0 0 8] U>bft#P>, JFETI4, 7- MS 2 

o wtEtBiani-a t sss 543 mm* t P n & 
i©$©&t w-h ■ y-^MSD eg sfc.tt;ft 20 

2> ^ J/XGmi*?- h«S V g Hi 13 < % 

-h«EVgtitt4ilUgtt*sftft-C*< % *ftfcJ:5 
[0 0 0 9] MESFET fc, J FETtRW 

®6 4 3*tt«t«oT, Kawicy- h • y-*R8£ 

III, MESFETI4. JFETiJWr0, f/H-fy 
.•HEMfio. 7Vi/h$<, ^'-Uttiz-ofcivaJb 
©iEtE&MtS C i ^BB-e** i ^ 5 B«"b*o 
fc 0 JPX."C, #l£K[fltfiJEV t h©^V»ME S F ETT 
14, y-hlS2 0fcjE*ffifcfMlOUfc#6, f-*** 
®6 1 4©5*»W**#<*oXV^!/1:^««©9 t> 

y-m«2 0-eafc>*tTv^v^©*T©«* (H. 

2 0fcfc^T**n»*bfc«W) #KttftW*i: bT« 
9 ^frt$>$y-*lBgia*** <«o-Cb*5t 

V^IHBtfcofc. ^©fctf), f+^O^VftftRo 40 
n#*£<4 9 4 ^FW>i«I dm a x£*#< 

esfett-14, $kk<r>S. t >tm&frh#-tttmz£ 

[0 0 1 01 HFETI4, J FET^MESFE 

Ti 14*40, h IE 2 0 CEIE £Mt 5 £ <t 
"ef-t^/wll 4(c=¥+y 7dSfii$ns©T t ©aft 
i-^-h ■ y-^ra^ftc g sjaitftazay^jy 

^Gm©y-h«EVglrMtSJ»^C«^5t^5 
#StSrlTbT^5 0 50 



GH¥l 1- 1 5 0 2 6 4 
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[0 0 11] HFETt), MESFET 

il?0fe 7-h*S2 0fcl. 0VHgrojE®E£f$ 

t>tlXW£^ V ± *®®©ilT©®& (B 2 2 K *3V>T 

^ffi-efcO. £©fg«©&ftR r e c #$£jgffi$# J: 
4ot»oTL4 5fc^5WW*»ofc. J:ot, ME 

sFETtw*K % mtittm*mm$ti. 

[0 0 12] £©4 51;:, tfcfcWFETlCfi, 
«-p**lc»f^S*5Ci:*ST#6i:*t. h • y 

v*5H3r©fcttfc<l*.fcfc©ttfc*»ofc 0 

[0013] **Wtta»a»6m«£ic*#-cfts*i,fc'fe 
©-c, *©Btti4, *Hi*-e«fc»feS*6£i:«i 

-hr^scg soy-hiEvgic^-r^^tti^ 

[0 0 14] 

[WB*:j!Pft+5fc»!>©?a] **WHJ:6 i B*K8* 

«. y-^mst Ki^r>iaii©B]ty- k«s^r 

W©«ffiffll&T'fc9¥**4 9ftS^+*/i'*fc. £© 
*-«§i©miJ:?&a$*i.5i:#fc % *■ 
*jM-*fc1IWt+ 6***4 9 *>£w<y K^f-v yVfc 
■#i-6*tttt©***J:9 46*«*t**i. ^-h® 
Sfcttfi bX&lt btviS*S©B l **S^tt»«r^tr 
9 ft 5 JR 1 £%tmi<D 

[0 0 15] **Wli46¥#^Stt©»3i*fe{4, y 

tczmmmmi-zboxbix. v-*mt k 

i^^T ©Ffl©«ffiffl8Si LT¥>gft4 9 ftSf-^ 

■f s/^t1-5Algfit©^fr4 9 45»Stt*«i: , 

f- h%mzM&bxmhK&m&<D%imn,®*m 
mttrmfrx 9 4?.^ i mnmm.fo®®t 

Z>% l ©MMfrJBjatSISi Sr^tf <b©Xfc5„ 
[0 0 16] *«^lcJ;5.4|iiHfgS(4, y-^IS 
i K W ^m«t ©W^y- MftMtttt Wc^l* 

t KM y«ffii:©W©««lKXfc9i| £ 3!l#«t9ft5 

f-+^it. -©^+^/nty-hm«t©ffl(^ 

w^v yrt#+*««ttOiMlt*J: 9 ft5i*5& 
^^fcitJfy- h««iic*tj$;bxiS:{tfetii§iilg©^ 
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.[0017] *«im£±'a^f«!«m v- bm 

\zmmM^hit, % i i %%mm. 

[0018] **Wfc±5^flc56«o»a*tfeTtt. 10 
V-^lffii >®*Ii:©ffl©f;iftiiSgi LT¥$ 

[0019] *m\z£z*mmmwK*mc>*% 

jWWHrf, y-h*S~©*#4fK©BJBa*We 

[0 0 2 0] 

xmzm txnmmmz. 

[0021] (*i ©£*©$«) m 1 «, #$gifj©is 

I <ommm^i>mmn<ommiMth<ox») 

As«t9*5S«l lO-ffiir, >F*«fc*jSilnUft^u 30 
-GaAs (u-\ttm®)&ffimi.X^tj:^Zk$:% 
tiWTlRli:) J;945^y77*l 2t^LT, II 

3, 1 4#£tf%i<nmmi§i stm^m® 

£ftTV^5 0 ftloptSli 5©Sfcl 1 i£*MBHc 
tt, TiSftWH*M^T*+S'^«l 6 a, 16bi»* 
ftCTUMt$JVCtt9. Ztlb^yfMl 6 a, 16 
bfcit;*l©|»««l 5©S«i 1 tR*HWtlif6« 
JUi 7*»»ja**irv^s. 

10 0 2 21 i©IMWI17fctt*+y^I16ifc«' 40 
i£LTHqi7aWRi7MVC*S9, C©$qi7a£ 
jtLX**yfmi 6 a©fi#flfcy-.MWl 8Wg 
i8Sft-0^3. Ififtlll 7fctt*-fy^ll 6 b 
t'j**U-CH!q l 7 b#Rtt6JvcJS9, C©f8ni7 
bfc^UT*+y^il 6 bOKJJflUc KU^t^l 
9a s ^/&$*iT^5 0 XI-, IMtl l 7 tttju l nmst 

II 5£*H£l-CHn 1 7 ctfftttbJvCtt9. 

PI 7c£ftLTHl©»M/il 5©K*HH!)|;:tty-* 

»J«SHT^5. 50 



WH¥1 1-15 0 2 6 4 
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[0 0 2 3] ?g2©»£il 314, ft^HU^f 
TV*4. /<yK¥+y?#J£VM I i-v«fl:£*¥* 

#£L?ttAlGaAaM4£tf&9. C1©12©» 
ill 3*4. I I I«7g*£*H757/V$ = 0 

A (A I ) ©fej&Jttf 0 . 2©A1« Can A s & 

[0 0 2 4] ^©3&2©W1 1 314, *fc, *2^1 

1H« 1 3 a t , ftftft©Attfttttt 1 3 b i LTV* 
So COKS^fittl 3bf4. fift£©tiS?fftt2>5 
W43J 1 p S*#M&££A,-cv^-c t 

<Tt>«tV\ ££fcfc*^T*2©»»fl 3 
(4, ff$#2 0 0 nm07|IN*aaPL&Vttt£M* 
1 3 bi\ J? SiM i\mXh<0 nSWfttet UTv'U 3 
>fcl. 6 x l o" cm" n&t&toVIZ** y Tft»« 

fettl 3 b £#£fii 1 «ls6» €> Ns!fc«S $ K^4*3t ^ *T 
L1V$. 4*3, % 2 ©MSI® 1 314. EffiftiiSigc 1 3 
b**uxv^4<TfcJ:<. ±**i**+yr{M&** 

1 3 a t £tlX\^Xb&\ 

[0025] ^+*/i/«i 4i±, y-*«si 8i KV 

-f 1 9 t ©ffl©®ffitilS8Tfo 9 , 15 2 ©ff£f 1 

3teit;*iroWSSl 5 *Zti?ftMf&tZ>£ I I I 
-V»M^« 9 K*+ 

I I I -vmit&to*mm 9*fifc$HTv^5 0 
K*+ y^*«EV^ I I I -VSft^te^lfrt UTI4 I 
nG a A s»*fc«**0, :©f+*;Vl 1 4 14, {fif 

I I I 8OT*fc*Slt$-f (In) ©mfife 

u - • I nn Gan- 

I I 4 tft. SB 2 <0»gS 1 3 ro^f * j> 7{KIMHtt 1 3 
a *'it«iai-« JB l o|«K« 1 5 <D** V rm&Mi, 

[0 0 2 6] 1 4 I n G a A s 

SftlcJ:!i«rtt5»^tl4,- I I I^Tc^lifcttS'T 

<Tt5roT, -f ^9AOift*JtS:0. ia±ttii 
14, HS2©l»Sli3tf 1 +^ll4iolB]*Jj:t;jB 
1©WS11 5tft^ll 4 t©HJCj3»t5*"<>' 

5i!i>i9-Cfe5o Sfc, f^^ll 4©g$(4, 15n 
mJsJlTT*>5it^ft*U\ J»<-f5t. f+^A'l 

[o o 2 7 ] % i ©Pisi 1 5 14. ^-v*/vs 1 4 ■km 

fi&t5 I I I -VRffc^*ijm«tJ: 9 feiS^^y K¥+ 



(6) 

9 

1 1 1 -vmiksmmizzm&zti 

X^bo COSIl CMMl 5\X 1 1 I&tg 

*fc*i»757/K -*A©8UftJfc#0. 2©AI... G 

0PHM 1 5 ft A I G a A s Mfc J: 9 flMt+S»&K: 
lis I I Itl7C*fc*!tf57A'§ = 9AOfilSJtftO. 

2 5aTfc+«ct*#*u\ 7/v/$=^Awa^jt 

< ft** w?*5 < ftoTU* 5 

t#fc, ftstsp i sctpa^tt*© 

ttfcfcJ: 0*jatSRtlt*a«aJa< fc9#J®tta*>iI io 
[0028] <t*j. ;;m ^2©»Sli3i»i 

©Mtll 5 fcfcW-fijifcOA 1 0.2 Gau A 5 

lc i 9 ZhZtm&t 5 J: 5 1 Lfc * , Sv > leg* o fc 
IB/Sro A l G a A s SAlc i 9 tlt-PtUHfifc-ts «t 5 ic 
tttii/s »l©Pteii5fi] I I8l3t*ic:fc.t5 
7/V$ = ?A0»J5lUttf 0. 2 5^TtfcSC t* 5 Sf* 
U>*», JB2®MtgJll 3fc*v^f±pl!^<«ft«4tft 
lcJ:9pfittiBttWKtr»A1-S£S^^c9-p. Si 
0RHH1 5litt*T7*5sfrA©IWtt:#4>U(ir> 20 

10 0 2 9] llOWMl 5tt, *fc, S&gOnl 
*ffi&££tf * + U 7{W&«* 15at, iSStfiWiSfg 

$i«*i5bfc, SSjiaopS^JMbft^y-^ts 

1 8 1 kw^wii 9 twmos^tjsv^-cy- m 
& 2 o taw LTiisiit i mmm&®% 1 1 
xopSfi}get«i«i 5 c iftsru-cus. 

A^v^TfcJ:^. 30 

[0 0 3 0] CClCfcVCJBlOMiyil 5tt, ffl* 
tf, ff$i»ZnmO^«*ftSMlPL4V^ffitt*«l 5 

i . 6 x i o ,! c m"' sitamp uc*-r y nwtufi 1 

5 a t , jpSi»7 5nmOT«*ttlL<C^«i 

■k , i x i o " c m" 3 m. <d p mmm& t s. P 

S<£&tt$t#l 5 c#?- Hffi2 0IC«UTja5«St« 
tf l'5bfc«*&4Jifc«itifco"0*6. COpSffi 
Sttfcttl 5 ctt. y-hM2 0tWSet«ei 5 b 40 

(zn) tfMSffitWi 5 b©-*E8»+6£ifcj: 

[0 0 3 1] *>4*fc, *fttt«*13b. 15blCjo 
tt5**MWMEttl x l o" cm"' STF-ttbSCiasft 
SL<, tHSfiittl x l o" 2 Qcm&frZhbZtm 
*U\ 4fc> pi<S|gSi««l 5 cli*3»t5pS^tt 
felSiilxio" dm' , aittScti«ff4U\ 

[0 0 3 2] 6a, 16bll, «ili,f 



#M¥l 1-15 0 2 6 4 
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4 X 1 0 " cm"' S&SsflP LfcG a A s \Z X 9 *tl 
*MMt§*VCV*5; Ztlb*-*yfMl 6 a. 16b 
tt. SBioSMSSi 5©5*>p§H£&#L$«l 5 ci»|» 
tfb*lTV^ftv»WBattWEl 5 bfctfj£l/t*ii€iij& 

m<»mtm% (sln, ) ic^9«^$ixTv>5o v 

-*S«1 BJSWKK^III 9tt, S«l lflfi* 
feAuGe, -y>r>V {N i ) j8J:l/fc (Au) fcffift 

7fl6a, 16bitfr**fttf-5y?&&LT^ 

5, y-*mi Bjsit; Ki^-f 9©<§-J¥£ 
11, £Ki im*brfy (Ti) , (P t) £J: 
[0 0 3 3] E)2*3j:tJfEI 3fi, 

TfcSo H2»y- hlEVg^flnLTl^VvMi© 
*>©■?*>!>. H 3 fil. 2V£l±©7- hlEVgftS 

apLfcttttrofero-efcS. fcfc* B zistxffB 3 -ctt. 

*2 0*«H 3fc,J:tf3Sl©RgIl 5tAlu G 
a,, Asa*t«ktlt*i'PiTj|j«U THr^M-ll 4 
ftln,.» Can -AsftiBitJ:9fll|itUfc»^lCO^ 

[0 0 3 4] IS1K>KS11 5ICp 

mamm 1 5 c bnxa 9 . -^^ 

+ (CCTHiRl. 6 7eVO/<y 

K*ty7Ht5Al« Gin AsjgS) tC«t 9 
«^^<xxfc9, 13lc*UfcJ;9lc, y-MEVg 
tW*.tfl. 2VK±^JPUTi» f-+*A'll 4d»& 

afc^-hi«2o^i6)©itiii v ^-hy-^iiift 

[0 0 3 5] IIC^ 3-**/Vf§l 4fcglOMMl 5 
ttO . 3 1 e V) , JR 1 1 5 ©^r X-^/H 

wtf +*/wa 1 4rticfc*t5^+ y r (r^-ciim 

-?•) 07*$/HpttoMt>+»K*#< (;:tiio. 
20eVKl) ft6i5fc«rt*HT38 9» Bl^S 

*tSlliy-hffiEVg^i. 5VSS4-Cftfc^6« 
[0 0 3 6] B4ti©JN»fl*«OKl"f>^ 
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ft I d b ?~ MWEVgiCBMStSL, B5fc«5a 

&2©»gJIl 3*5.fclWSl©PMt 
■ lStrAU. Ga„ As»*tJ:!Jtii^it«ja; 
U f-r*/Hli 4fc i nn Gam AsJSgHiCctl? 

[0037] co^Mtti, mme 

Vth#-0. 5Vt»<, i. 5vt-ey-hUiv 
kV-h- v-xm&c g s £®Wiitt, 

Vefcffifc, Gm=Ve XCg sOBBfta J j494oO 

•e, ^~ h • y-^stc g s hmnv g 

[0 0 3 8] *fc, i ©¥»*«■«*© J: 5 IcftfM" 
[0039] c^^ifrSt-ctt, ::tu»^w 

yi^HyfflftO-C, ?;-h««2 0fc«EE«rB«lllLX^ 

frv^ffi (v B = o) lefc^xii, Heic^LfcJ:? 
K> jSloRSSl 5© P Sffi&#i;$i&l 5cfcJ:9, 

flSUfckSVW + ^A'1 1 4 ©fc©fMfcJt'<T«* 
*»*£Lfc**!)7*£fWti 4 ttfHMteftTV** 

KttAttH2*JMB) , t 

[0 0 4 0] iCTf, ^- ht&2 0£«*.tf 1. 0 V 
Sft©3E©y--htEVg*Biait$i:, H6K*JV^"C 

4«ttJ*»R r e c*J.«*U-CV^fciJ, 

FETift&LX. y-hlffi2 0^ErolE^MPU 

5, &*KWy«ftI dma x^*#<4S. 

[0 0 4 1] jMs, i^^^Mol^lil: 
#3t5Cfc*-Cft, ±8Lfc1ilWH;J:0J:<SiXttS 
5o 

[0 0 4 2] ^OJ:5*¥**5SlJ4ft«)J:5tUT» 

[0043] B7 tt*o#»aiat*ti>o-c*>«. 

*1\ 07 (a) lC^Lfc«k?l^ fl&tfG a A s «fc 0 
a Asl^tf**i/+A'jSfiS*T/<y7 7ll 2 £ 



7) ttH¥l 1-1 5 0 26 4 
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-AlGa.Asi, nM^f&%lk IT ZmaL 
fcnlA 1 Ga A sliBitPFH**^ L4^u- A 

1 G a A s IfcJEftx S*T*«gv« 
«13b, *+y 7*1^^3 a feitfittifcfcfcl 

ab*MUfc|S2©meJli 3 *»i*t5. 

10 04 4] &H"C, mt<H7 (a) fcij*LfcJ:5 
Id, *©±fc, W*tf*H*fc«aiPbfc^u-I nGa 

fi£Lfu©*>, *©Jtl£, fiUtf*tttt*SHlOL*^u- 
10 A 1 G a A s«, nWtmmk. UTv-U =>^»Lfc 
nlAI GBAs*teJ:l^tt*«r«IPUft^u-Al 
G a A s 1 £Jg&x f * * Ad» £ XI8 1 ©WSt 
gl 5©i8iigft1g£l 5 b, **JI7iMM«|l 5a*S 
J:i;«jStt«*l 5bfr»riM"6. W^T. *©±fc« 
*.« n gTOMfe t bX f Jl => SiWito Ltz*T v fm 1 
6a, 1 6 bifcSntJGa As«3 1 fcxtf^drv'-V 

[0 0 4 5] ^©©ib, H^Lttt^s ^fxyf^ 
fcJ:9**nteHi«rfT$. fc^T\ H7 (b) iw^.Lfc 
20 J; p ld % nlGa A sf3 1 fcxyf-y^fcj; USftft 

Ufc*l/C*-ry7»l 6 a, l 6b*we*mgjS 
U y~h«tt»rtfl«^i8^-C»i©l»Sii 5©fl6 
ttftflttl 5 b£gttl£-t5. tt^T. ^^yT'il 6 
a, 1 6 bft,):TJ(3f$l©l*£Sl 5©tt&ftfettl5b 
©±M» ^JxJfCVD (Chemical Vapor Deposition ) 

©©*>, «6IMIl 7**yf-l'?fcJ:95M?WWB*U 
X?- h«S«Jit««CHQ 1 7 cfc&fitf, 0JA.tf6 0 
0 < tgg©t&gXpS*^X&SS$&£8 1 ©BXJi 
30 1 5 ©ffi&ffifflft 1 5 b IC«JtS*T p S«jgfet®Ji 1 
5 c fcJfcjfrtS. 

[0 0 4 6] P afilSa**l 5cfc»J«Lfc©% % -t 
©±ir, -PRtf^i', 64i8J:t;4t)lii»cJlK*Lt/< 
*-X»j*S:m^-h«i2 0t»j«-r5. ftV^-C. 
MttRl 7«:xyf->'^tJ:9aRftic»*UTp5!C 
ffitt«i«l 5 c«rMJc*try-^»li*J««Ma3J:t;K 
WymffieriMRWiHPl 7 a. 1 7 b Sr^r^jxM 
it, t©±K 4 W^LlSAuGe, xy^fiitf^ilH 
WfctLT^->«l«tff5. KV^T. «*.«4 0 0 
40 Tca*©aHR*WlKJ:94t*^4»J*«rLTy-^Wi 
18i8itfKW>«19**^*i»j*U Bit 

[0 0 4 7] w©^*3!f«tt. «itf, 

iiffi ^ r A t £ f tt 6 *M<f left 4 U < m v ^ 

fj^s, z<D$Mmmnk lt(±. afgHttft 

iSUHF (ultra high frequency) fceUrX&S t©iS 

[0 0 4 8] w©J;?ie*ll^©M)ilc«5¥^ft^(a 
fir^ll 4ty-M&&2Q t©WJcf- 
50 ^r^/ul 1 4 5 K*?+ y 
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10 0 4 9] ftl©«tgf 1 5|cy-h®ffi2 0 

•K#«?t-Cp - att»tt*«l 5 c*Rlt3i5fcLfc« . 

-M«2 0t]ElE*:BiaoLfc*^t, f-r*/wll 
4KfcV^-C#ftftttj«^R r e c#»#1-5it*4 10 
f-+*/wll4©*yJSttRonfrtt<i-5wfc# 
**KU-f dmaxfc**<t5;i# 

[0 0 5 0] SoT, £©3W&B*Ja^Tft|«ft 

o^aft*5J:t«l!fflli*H©8*i^fttft9, 20 
[0 0 5 1 ] JPjcT, lfA-h-f y«E««*tV>8!)-C, ft 

a, 1 5 *<D*mm&m< L*tt*ttf4«>r. *© 

ft*. y-^ffi^ridMfi:< 0 . 14 

©*->1fi«;Ront/hS<+5it^T#5. 

fc, **Ho»«llt«S*tljtft:i!i*tfE*WHFETi: 

rssffimmv t htw-ti-si:, 

4*+y7*»tWl3a, 1 5 a ©?M«ftgfift* 
©HFETICl:fcit5*ft©jft2f&4#£o 30 
[0 0 5 2] 3Efc*fc, ftl©MMl 5 £ A I G a A 
s M&iZ X. <0 SjfttS^ICIi, &*©G a A s SrfflV> 
fcj FETJ:9fc*tfctf/PMl'!E«:1lSi£!&$T 

[0 0 5 3] i)Px.TSfc, pS^ftWBl 5ctfifttt 
ttflltti 5 bb#LTa©i&£iVCV''t&©-C, hi 
U2 04 KWVIS19 fcOBlO»ESrlRl±3*6i 

[0 0 5 4] J5fc4fc. *Htto»lllcffSiNI#|gft 
tiJxtf, 4 ty-MB2 0 towicf- 40 

pl^fttMUpSffltiftffKl 5 c^jgfigtS.t 
StLfe©?, *3£©$fgl::ft*^#g«*«£(;: 

[0 0 5 5] (ft2©Hte©?&1§) EB8tt, *%W<n% 

S. r©¥ajft|£fii±, fti©£ife©»:*>it5fti 
©RUWl 5lcftx.Tftl©Wlfi l 5***. 5 4* 50 
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lw, 8-1 0H&0M|£ai*.T?t**'l 1 4 4R11 

l 5£©lHKft3©|*Mi 2\mk.1tzb*m , 
tettftl ©l?l©^i 4 ^-©*$fc J; l^il&WbT 
v*5. iot, *i©JI»©»*ilin-©*ri«*fctt 

[0 0 5 6] ftl©Rg«ll 5tt, ft 1 ©£*©££ 
t*W5ft l ©KSS l 5i»6*+ y 7iW&«* 1 5 a 
MMfcSiifc 1 4 *Mi* % ttttft 1 ©gfc©»*fcj8tt 
5»l©l«ll 5tl^-©*^?rtUTV>5. fiU 

Ga Aifci91IMte*l6£i:#ft*U\ cntt, p 
S!^tt«n?fc5iEI&©tt»a*^A 1 G a A s &&©* 

iOt>GaAi©«(»©*#a^©-C, pSttftAfflfil 
[ 0 0 5 7 ] ft 3 ©W1J1 1 2 1 tt.' ft 1 ©ffli 1 1 

5 i ©£&©«« x 0 v<y K¥+ ?7©R^G a 

A s \Z£ *} m& LXh f- V V -9 £. 4 

tfXtZXottbtcitXDltOXh*), ft 1 ©Will 
1 5**^^*^11 4 I I I 

1 I l-vfcfc^WfcJWJttfcft-t^S. tfil*. 

a, w©ft3©Bisi 2 m, 1 1 igOT&Kfcita 

7/VS-£A©ifij£tt#0. 2 ©A 1 0.1 Gay As 

[0 0 5 8] ttz> ^ ©ft 3 ©Will 2 1^, m& 
tonm*Wh&$ts**})7&if&®m 2 1 a 4, SSJg 
tt©««ft*«l 2 1 btt*UTl>«. w©ilSlg^1!fi 

«i 2 1 btt, %M&nnm*mhz^tt.i>mms 

&SA,X^Xh£<s *fcnl*H*#J:tfpI!*H1*i 
fc*^-C^ft<Tt>J:v\ mSttMEl 2 1 b ©7*6*1 
«lliix 1 0" cm" UTXbZLbm*L<, it 
jSttttlxio" 1 Dcm«±-e*>6Cfc*#*U\ 3. 
ClCiiV^Tft3©^lJil 2 1(1, fljttf, J?§^2n 
m©?P*fi»S:«aillt*V^igt!ifB*l 2 1 bi, 
4nmf&0 nS.^tltUTv'y =^«rl. 6X10 

" c m " ! mm ift^ v rmm 12134,1? 

$252 2 n m©7M««:iSIIRU«V^fiSifi« 1 2 1 b 4 
1 4fl(4»bWft8ll5*ifc*ig4:* UTV^ 
5. ife^i ft 3 ©MM 1 2 1 (4, ft&tfim® 12 1b 

tr*uxv^<xtj:<. £mm#**])Timwti 

2 1 a 4 SfvCVvCfeiH. 

[0 0 5 9] H9ttw©**ft8t©y-M*2 0T 
fc»tt6at*yU^-/0 K^Sr^1-'b©Tfo!5, ^~ 

MffVgfr8ttPLTV^ftVv(ltlltr*LTV^. 4* % 
CC-Ctt, ft2©IW113»^tfft3©|«Ml2 1 

111 1 5^Ga AstJ:0#j*U ^ + */Hll4tr 
In,., Ga,., AsS#B^i l 3l»^tfc^iCOV>T 
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[0060] zommm, %\<nmm%h® 
<»m.m 1 1 5 \z P mmm 1 5 c m 

tf/WK <ftoTV^ 0 ttz. 

i4i«ioi»iii 1 5 t<om\z% 3 <o»mi 2 1 

PMi&ZinXtot) , y-h$EVg fc0Kx.fi l. 2V« 
±EPJPLTti, ^ + 4*»fe£fcy- hS^2 0 

[0 0 6 1] lie, ^-**/l/Sl 4 £13 ©Bill 2 10 
1 t oei»*S<D^jg«fl; 4 E c < 
■CttO. 3 1 e V) , 1 3 OKU 1 2 l©7Kry<>^ 
/Hi t T 1 * A# 1 4 t jo ft 5 1? © 7 x ? /Up 
tt©£t>+#fc**< (^CT?ttO. 2 0eV£U) ft 
5 «fc 5 KftitiSffCfc "9.13 ©»11 1 2 1 

[0 0 6 2] ftfc\ C©£?ft1»$£tt£¥jiffc£if 

[0 0 6 3] C(D±oiC**iS<D^I^5^*gt 
(C ifttf , % 1 0*81 1 1 5 G aAslii? 

a*«r«<1-6ita«T#, pllfiWl 5 c*« 

[0 0 6 4] H©PSlil 1 5 if- + 4 /I'll 

4£©Mtl3©»lll 2 1 *«*.6,fc$K:Lfc0 
T\ 11 ©Bill 1 5*GaA»lCJ:9*J«UTt>y 

[0 0 6 5] (13©HJ&©^§) Hi Qtt*m<D% 30 

5 0 c©¥*fr8Wi. Ii©£te©^1ilc*itt5l2 
©WIS 13, f^/Hl 4fc«fctfll©»lll 5 
tftjt"C, 12©B112 1 3, ft**! 2 1 4fc£ 
U t *l©P*g*2 1 5 ZZtlZ'ft® TLtcZtZm, fa 

m i <D-m&m%h m-nm^n xvw&tn uxv^ 

[0 0 6 6] 12©B112 1 3I±, 1 1 <D%M<OWM 
Kfc St Si 2 ©Bil l 3!i»e»*-r y7tt»*«l 3 a 40 
MWfcSftfciifrlfcfc. tett» 1 
5f52©ltl®l'3iiWI-©#^^LT^5 0 f-r* 
/HS 2 1 4 14, y 3 yft £*© n S^i^tlfc^trC fc £ 
»#, ffili^i©HJfe©^Kciott5f-^^/vli 4i 
H-OffrtfcSL-CV^S. fi-*/Wi2 1 4lC*3ft5n 
S*WU)©**ttt* K W y«« Idraax fcj&tx 
CCT-fi, W*.tf2. OX 1 o" cm 
" 3 SMHiDSfiTVS. 1 1 ©Bll 2 1 5 tt, 11© 
*J6©im!c:fctt51l©Blll 5A»fc*+DTftl& 
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J*i£&tf*flU0ltKJ|l 5 fcW-©«*«r*UTV^ 
60 

[0 0 6 7] Hi Klr©iNg#£B©y- hm«2 0 

-MEVgfc^PLXV^ftv^ffiSr^tTV^. ft 

tJ. ^CLT-fi. 12©B112 1 3*iJ:tfll©Bll 
2 15&AWi Gau A s AAlCj: 0 -t^tlfll^ 
U f +*/W12 14 Sri 

[0068] z<D*m$mmt> monmmmtm 

X.tfl. 2V£l±MLTt>, ft^/H2 1 4*>e»A 
fc*-KWl2 0ainj©PMfi, h y-?«)5fE£#I 

[00691 ft*, r © <t 5 ft*$* § mwm 

[0 0 7 0] coj:)l^Jti|®nmcff&^fi«B 
fcJJltf, l2©B®l2 13S3«fct/ll©Bll2 1 

14«^«ftSr*t»J:5lc*J*Ufc©-C. «*ftflMtlc 
i 9* 1 t# 5 «©«** 
»5wti>X#a. *fc, t*KWf««I dma x 
«r*#<t<5fc«>lcf- + *^«2 1 4©>F«»al«S:* 
#< UTt, ^2©»gS2 l 3*5J;t;!Bl©»SS2 
l 5©^ffife«Siiffiv^©X, S-f^2©BSl2 1 
3*5i(/Bl©Bll2 1 5rtt»«UT*frf5Ci 

[0 0 7 1] (14 ©HJMti) H l 2 fi*55^©IB 

5» C©***«»f4, l3©^JS©^«§fCjQ^T^ J r 
^/V«2 1 4fcJKl'©*gl2 1 5 i©rfl(Cl3©BS 
l3 21fcfllifcc:tSrMlf l ib»IB3©|IKi©«tt2: 
l^-©*^fcJ;t;3§l*S:WUTV^5 0 ioT. 13©^ 

[0 0 7 2] fit, 11©SE1S2 1 5fl. G 

^M«JT*>53lft©iit«[a*** A 1 G a A s i 
9t>GaAs«f©*iBJav^©T», pSiSSS®^tl5 
c tr#*t»JiM-*C ti J Xt 5^p5-e*5 e 
[0 0 7 3] 13 ©Ptll 3 2 lfi, y-hy-^S^ 
t»»t5fc»!>0%©Tfc9. J810HM2 1533J: 
Uf-^^/VM 2 1 4 Sr J tnm«fife't5«- 1 I I -vm 
it£®)*mftt. *) t>£w<y ■yl'&ttZ I I I 

©13©B113 2 lfi, II lK5c#tj3»t57^« 
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-9J*<DBiiUt&0. 2-C*5*tt$vOAlti Ga 

lO^ttftSSttlxi 0" cm"HTt*)5:i^ 
*K, ifcfigtttl x 1 o' J QcmaJb-efcSi fc*»ff 

[0 0 7 4]- HI 3tt£®¥*fW&tt©y-f.*«2 0 

>-HffVgt8iliiLTV^*Mltr*urv^. ft 

*», S52©»:1!2 1 3*>.fcU t f5 3©3 2 1 

trAIu Giu A sMfc,fc!J*;K«l«MtU IS 10 
1©MM2 1 5£Ga A stCtUffijSU f-+*/Vg 
2 1.4 In a, Ga.., A s MCA U*WcU:»£ 
fcoV>T* 1/0*5. 

[0 0 7 5] C©i|M*#g1ttt> X 3 ©£«©£&£ R 

v*JE#**<ftoW5. f**/M2l 4k 
•% 1 ©Sill 2 1 5 fc omilJR 3 ©W®i 3 2 1 a« 
S*l-C*0, y-f*«EVg 1. 2V£Jl±HliP 

UTt>, *+**l2 14*>5>afcy-hlli2<)#|Bj 
OMttttl, ?-h!J-*««*»M+6fc+»ft*S* 20 
fSocias-Cf *,fc5KftoO>$. 
[0 0 7 6] ft*>, £©J:9ft*rt*tft5¥9<«£K 
'tt, IS 1 tn*ir»^U H^irLTiail 

[0 0 7 7] i©J:5C***©»lltflk5^*(tSt 

IC iiltf , % 1 ©|*g/g 2 1 5 *. tf G a A s fc J: 9 
3 fctfcOT. pS^tt*-C*53Eft©ttft 

[0 0 7 8] Sfl©l*Sl2 1 5t7***M2 30 
1 4 £©fBjiC$3©Rg!3 2 Uix.5i9i:ifco 
■C, $1©R^12 1 5£Ga AslCjz'JfllfijcLTty 

[0 0 7 9] (915 5 ©HJfc©^®) H 1 4 tt, *»W© 
*5©H*©»«lC#6¥»*S«©*J*«:*1-t>©-C 
fcS„ i ©¥*#*«», in ©X*©mc*lr6II 
lOPUMl 5l'fUTS&l©KSJ§4 1 5£f 

*ty3ll 6 a, 1 6 btfWttUWMlisiiy 
l 8 « i xf k w ym*§ l 9 l 5 

blc&LT*ft^«$ftfcCi£&t, ffittJBi©. 40 
IOt©»«iH-©1l!rt*sJ:tjea*ftWLTV^. io 

x. mi ©**©»* tw-©«riisif tf±Ri-©flF# 

'fcttU ic-c«t*©»ttftttW*4fiS1-5. 
[0 0 8 0] 111 ©MM 4 1 5»i, p«fiW4 
1 5 c#!58tt*«l 5 b J:«J t^-h««2 0©«lt 

mLxMi&ztifczbzm. mm 1 ©hjs©^i 

ftfc, £©p9MHittlltt4 i 5 ctt, y 
£A (Be) , m (C) *3 J:traEI&d»bft 5 $■*,©/> . 

ft< th lmzpmmk ixmuc^ 50 
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jftfc3tifct>©Tfc«» 
[0 0 8 1] *fc. Hi 5 fc£ ©¥»*»■© K Hi' 
Hit I d ty-b«EVgi©BBflt«:*U HI 6fcft 
EaV/**y*Gmfcy-h*EVg £©«*** 
+•. ViWw. ^2©ltSSl 3*SJ:tflBl 

©MM 4 1 5&A l.« Ga,., AijBJitiOtil 
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